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A comprehensive index definition that provides a more complete
interpretation of meteorological and hydrological drought is
essential. Based on the multivariate drought index (MSDI) was
defined in this study based on rainfall and runoff to diagnose
meteorological and hydrological droughts. In this regard, two
indices, SPI and SSI, were calculated seasonally in the Galikesh and
Arazkouse regions in Golestan province. 50-year rainfall and runoff
statistics were used for the calculations. The MSDI index was also
calculated using joint functions based on flow and precipitation
variables. To test the compatibility of the MSDI index with SPI and
SSI, the degree of correlation, trend, and change points were
checked using Mann-Kendall and Pettit tests. The results showed
that while there was no perfect correlation between the SPI and SSI
indices, the MSDI index had a high correlation with both of them.
The degree of correlation varied in different seasons and stations.
Even in the worst case where SPI and SSI had no significant
correlation, the MSDI index created a 62% correlation with SPI in
Galikesh. The trend and mutation results were in good agreement in
the two stations. At Arazkouse station, SPI had no trend, SSI only in
spring, and MSDI had a trend in spring and summer. At Galikesh
station, MSDI didn’t have a trend in any season, SPI had a trend in
autumn, and SSI in spring. The MSDI index was similar to SPI and
SSI indices in cases where they showed the same dry conditions.
Otherwise, it was consistent with the index that showed a drier
condition. Additionally, the MSDI index had a tendency to show
drier seasons. In conclusion, the MSDI index can be considered a
suitable index for the simultaneous analysis of meteorology and
hydrology drought.

Cite this article: Ghorbani, Kh., Salarijazi, M., Rezaei Ghaleh, L. (2024). Evaluation of MSDI
bivariate drought index based on precipitation and runoff (Arazkouse and Galikesh stations of
Golestan province). Journal of the Climate Change Research, 4 (15), 77-94.

©The author(s)
Doi: 10.30488/CCR.2023.426470.1179

Publisher: Goletan University



https://orcid.org/0000-0002-1901-4045
https://orcid.org/0000-0001-9010-1988
https://orcid.org/my-orcid?orcid=0000-0001-8057-9793

%

i

OlndS o Kiils cole aollad
YY-2F :Olxdio [ 1F+Y Gyl ) /o203l Jandino 0ylods [0,k Jlw

«.\\s:r .
S5 e @
v \\\
),%
&3S 9 i3l 9 o MSDI (Sl © pukio 90 o lis b 3
(oS’ (gt S g S 151 (0 Su! 43)

Yaxld Slo, 4l .

Ghorbani.khalil@gau.ac.ir :aslbl, u!,

T lle wise TGS ks

OS5 G55 sl e 5 (55,5liS psle oSl (Ol puiige 09,5 Lol
2] OB 5 S orb wlin 5 (55,5L8S pole olKails (o (puige 095 Losils”
Q\ﬂ_\ cpngl olELINS «(65)5LiS 0uSiils (o] cwiige 09,5 ol il (6255 (gezmatils”

oduS

Al oleUb|

il als _Sy5es et g slidlyn St 5 g5 JolS s a5 aolr asls diy,o
Sl 1 (MSDI) JLuStis o e aiz sl yols gy 5o olol ol ol (6590
$K5ls s 5 (olidlgn JSis ez jo ol QUls b ol oads ciy e (20 5 (B0
30 awsS 3Ll g SIS adlaiegs ;0 SSI g SPI ol is g0 jglaie ool (5l 06 oduziw
Sead i ;0 0oy I ,e 5 alw 00 S aily o9 g )b Lol 5l as s Ll
L ool g om0 sl pusin 51 S yiiin 298 iy o8 bl 5 MSDI ezl siuis dlxe
SSI g SPI L el ) @ilhas ) jeliie 40l dlne 30 Jhaio ailgs 5l oolasl
o Sy IS e slogygasl 5l eolinl b il gz 5 gy e 5 (Stmra 50
S Jad 15 5 0,la5 85529 SSI g SPI ozl s JLolS Koo olo lis gl aias
SIMSDI oo oy 5 asls Jg el e Sicen (e alirs gloollins! § calixs
9 SPlas cll> o 50y, (S g .090 1,95 5 SPI 9 SSI aslis 90 2 L SUL  Son
) (Smmad a0 )0 FY Lyl o 50y jo e ls pl aaslas g )ls coe (Kiwon oo SSI
Aidgy 095 oBisl g0y o9 Bl 5l igs 5 wig, bl oS sl 1S s SPIL
gy syl ol 5 ,Las ;0 MSDI g ,les 4o 1add SSI g, 93l SPI awssS 31,1 oKl 4o
agy shyle jLgs ;9SSH g 5l JoSPI Jad s )0 MSDI 2SS oS! o canil o
olas 1y Sl (Sas Lyl SSI
Lyl, 548 _asloLojlye i )0 &jganl o yo coils coillae Ll b wiols oo
ool plis i 4 ol bles Laslis opl s j0 0e Sles cuiils |y o 5 Sis
ol ]y epSas by, b K0 @l 90 510 lew 5l Sy 4 ek Cils b Jad

5t 4,5 LS5 5 Suigly et 5 olitln LSS lesen

SPI el 55 45 (63,150 45 MSDI _asls axily e

ol olS allis

VE- YA 2l g
VEYARIY - iy gl

LS'\"JS LSL‘“j‘B
Seigda e Jusis
0 puRle i G]L.M
SPI

SSI
MSDI

1 e MSDI JLaSits o iie 50 (aslt bl (VF+Y) el canl Lo soiie 5206 Ules £ el ¢ 3 20Liius!
s‘_;l/}_lbj u/’ué._u.uduwjf m)_w(uL._...,.lf UL»_..ul J.Su.!lj 9 4_»»95)‘)‘ L_SLQOlio_MAJ‘ )é) Lfo 9 u,u)b

Yv-a¥ (Vo) F

S Sl 1,30

Doi: 10.30488/CCR.2023.426470.1179



https://orcid.org/0000-0002-1901-4045
https://orcid.org/0000-0001-9010-1988
https://orcid.org/my-orcid?orcid=0000-0001-8057-9793

va

e LSS 0 yuiiio 98 p3Lh )]

ol Bl gy gdlae Slgtren puS s
= g L 0T LS g ooljog—iin o
Ot S 05 Ao JLSis gl sl
e s SPI Lasls o JLuSes sloasls
bl e JSas ol gl UL o
So 0V FY) LLlSen 5 oo g olsdlg
laess sl asls e 51 SPE 65, aslllas
ol bl ALl (PNPD (Sos )l Jle s
(BMDI) Jy 5 o) JLuSis asLs (RAI)
Gty SsaS 2Ll (D) Seas sl
(PDSI) LU JLuSas o asLs (ETDI)
xls s RDI Jusies glubs a5l s
a5 (SMDI) S5 e gb) JL_uSis
—bdlse JlwSas Gl 6l— el
(VYY) gble g Fguds g (g0l aoly s il
Gl ol slonl Ly SPI as i 5l azmad o
asigel aiz o JlauSes Gl o) o e Lls
FSis il 6ln 1y o 5 Warton s (soldl
Lol gl izeon 0n,S s ol bl 25T 50
A0 5l G 59 (ogee o> @y @l ol plas
sbeasls Jloizl gjg5 @b (p sl 80 22y
22,0 77 3 s L (52 iy @i 9 Sl G951
& )b Sl cenlio g98 Glyie 4 0)lge
0¥ ool 5 ghlégu
e arld ((Sgly ame JlSis anw; jo
Ol 53 A 1092 (6 it 55
5 SLE Cob) ol (00 Gl (205l dagasle
5 oud oolitil (inj ol 0y o 51,5
=0 oarls (SSD) Tl sy, b o8 sla s ls
(PSDN* L, JSias a3l «(BF) Yasb
5 GW a5 ol 3l JaSas a3l
S GRD Y ey 5 o ol JluSis ol
JlB T g SSI o asls s 51 iloas

6 Standardized streamflow index
7 Base Flow Index
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! Standardized precipitation index

2 Standard Index of Annual Precipitation
3 Rainfall anomaly index

* Decile Precipitation Index

5 Effective Drought Index
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